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United States Patent Office

1

| 3,180,214
: - PROJECTION SCREEN |
Paul I.. Fox, Whittier, Calif., assignor to Aerojet-General
Corporation, Azusa, Calif., a corporation of Chio
Filed Aug,. 28, 1962, Ser. No. 219,830
| 1S Claims., {CL 88—28.9)

This invention relates to optical projection viewing

- screens and more particularly to an improved viewing
screen of the front projection type.

Heretofore, projection screens of the refiecting or front
projection type have been restricted to use in darkened
or dimly lighted surroundings. This is because the rela-
‘tively dim image produced by most projectors does not
provide sufficient contrast with daylight to be readily
visible. This condition could be overcome by increasing
- the actual intensity of the projected image on the viewing
screen, However, this approach is not practical because
‘this would require an increase in temperature (and power
consumption) of the projection light source which in turn
delivers more heat to the film and thus complicates the
cooling apparatus. Alternatively, the apparent intensity
of the image upon the screen could be increased by pro-
viding a screen which reflects only a small quantity of
the ambient light into the viewing space. If this is done,
the contrast of the image on the screen would be substan-
tially increased causing the projected image to appear
brighter. This would be just as effective as an increase
in actual intensity for increasing visibility.

- Various techniques and methods for partially absorb-
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form the completed picture and by substantially eliminat-
ing reflected ambient light, the contrast of the picture will

~ be substantially increased.
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g or shielding ambient light from reflection by projec-

tion screens have been known. These techniques and
methods involve the use of lenticulated light directing sur-
taces to form the viewing screens. However, these prior
screens have been deficient in one or more of the follow-
ing attributes of a practical screen; (1) adequate viewing
‘space angle; (2) attenuation of ambient light; (3) sim-
plicity of overall structure or system; (4) effectiveness in
Increasing contrast without increasing projector power.

What is needed, therefore, and comprises a principal
object of this invention is to provide an inexpensive, sim-
ple, vet highly efficient reflection type projection viewing
screen which is adapted to be used in conjunction with
conventional optical projectors to provide observers there-
of with clearly discernible projected images without re-
quiring the screen and the observers to be in a darkened
region. | - | - |

The invention in its broadest aspect comprises a screen
formed from a plurality of parallel strips of transparent
material in abutting relationship. The strips are shaped
so they comprise a series of vertically disposed lenticular
cells. The individual cells forming the strip are each pro-
vided with a rear reflecting surface and a small internally
reflecting element at the side of the cell. This side re-
- flecting element is at the focus of the rear reflecting sur-
face and is positioned so that light entering the front

- the rear reflecting surface will be reflected to the side
reflecting element. All other portions of the sides of the

individual cells are covered with a light absorbing ma-

terial,
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| O molded reflecting elements 32
surface of the cell along the axis of the cell and striking

it

With this ari‘angement, light entering the cells at an

"angle to the axis of the cell greater than a predetermined

- angle will strike the sides of the cell and be absorbed.

Consequently, a large portion of the ambient light strik-
ing the screen will be absorbed, and only light from a

projector which is aimed along the axis of the individual |

cells will be reflected from the rear surface and focused
on the side refiecting element as a tiny point image of a
portion of the picture being projected. With this ar-

G5

70 -

rangement, the cells composing the screen cooperate to

This and other objects of this invention will become
more apparent and better understood in the light of the
accompanying specification and drawings wherein:

FIGURE 1 is a perspective view of the complete screen
constructed according to the principles of this invention;

FIGURE 2 is a greatly enlarged fragmentary perspec-
tive view of a single strip of cells, taken from the circle
shown in phantom lines in the screen of FIGURE 1, ad-
jacent strips of cells being illustrated in phantom lines:

FIGURE 3 is a side elevational view of 3 portion of a
single strip of cells showing the disposition of the in-
dividual cells therein and the path of light from the pro-
jector entering the individual cells and being reflected
therefrom into a viewing area;

FIGURE 4 is a transverse sectional view taken along
line 4—4 in FIG. 2 and showing the path of light en-
tering a single individual cell and being reflected there-
from; o -

FIGURE 5 is an elevational view of the screen con-
structed according to the principles of this invention in
association with a projector:

FIGURE 6 is a plan view of a projection screen con-
structed according to this invention in association with
a projector: |

FIGURE 7 is a side sectional view of a portion of a
light absorbing screen designed to be positioned around
the projector lens to prevent ambient light from the re-
gion around the projector from being reflected toward
the screen; and |

FIGURE 8 is a side elevational view of a modified

- screen comstructed according to the principles of this in-

vention.

Referring now to FIGURE 1 of the drawings, a per-
spective view of the projection screen constructed ac-
cording to the principles of this invention is indicated
generally by the reference numeral 10. The screen is

composed of a plurality of parallel and abutiing strips
of light transmitting material such as glass or plexiglass

and are indicated generally by the reference numeral 12

(see FIGURE 2). The strips 12 are molded so that the

front surfaces 14 of each sirip comprise a plurality of
individual vertically arranged cylindrical surfaces 16 for
reasons to be described below. The rear surfaces 18 of
the individual strips comprise a series of uniformly ver-
tically spaced planar mounting surfaces 2 (see FIGURE
3). These planar mounting surfaces 28 are adapted to
be attached by glueing or by other snitable means to a
rear backing member or support 22. The surfaces 24
and 26 (see FIGURE 4) intermediate the planar mount-
ing surfaces 29 are sphaerical reflecting or image forming
surfaces, for reasons to become apparent below.

A series of uniformly vertically spaced Internally
and 34 are formed in the
opposed sides 28 and 39 of the strips 12 (see FIGURES 3
and 4). These internal reflecting elements 32 and 34
are positioned along the boundary of the bundle of rays
entering the cell to avoid obscuring them and are at the
optical focus of the spherical reflecting surfaces 24 and
26 rtespectively, whereby light entering the strips in a
direction parallel to the sides 28 and 29 and falling on
one of the rear reflecting surfaces 24 or 26 is reflected
to a focal point on the internal reflecting elements 32 or
34. In addition, the remaining portions of sides 28 and
30 of each of the strips 12 are covered with a black light-
absorbing material. - B o |
As best seen in FIGURES 5 and 6, the individual strips.
12 composing the screen are positioned so their front sur-

faces 16 are disposed generally perpendicular to light




bodiment shown,

~ guirements.
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- rear surfaces 24 and 26 and the internal reflecting ele-
. ments 32 and 34 positioned as shown in FIGURE 4, light
 from projector 36 directed against the screen will enter
- the front cylindrical s ufeees 16 in a direction parallel.
" to the sides of the strips.

. trast.

) G

Fach individual cell, which tog ether combine te form.

a strip 12, includes the front ey'imdmeal surface 1€, sym-
metrically dmposed rear image forming reﬂeetme_ e

- faces or mirrors 24 and 26, and the associated reflecting 1
- elements 32 and 34 at the focus of the reflecting surfaces.
~As best seen in FIGURES 4 and 5, the individual cells

L

r
el

reflected therefrom to the internal reflecting element and
from there out of the cells, thereby decreasing the con-
In practice, if the cells have the ebove-deserl‘eed .
- dimensions, ambient light can enter the cells througha 3°
“conical anele areund the axis dﬂ-@ of the cells, as deeerlbed o

- above.
 To 111ustrate thls as shown in FTGURE 4, 11ght enter..'-
-IH‘T the cell above axis 49 at an angle of 3° from the

- axis 40, and indicated by the arrow 47 and which strikes

10

composing each strip 12 are dlsposed so that their axes 4%

(through the center of the cylindrical front face and the
* center 49 between the rear image forming reflecting sur- -

- faces 24 and 26) are coincident with the axes of the

respeetwe hgh‘t beams from the pm]eetor entermg each _'

el
. T’ﬂe Iight strlkmg the front cylmdrmal surfa ce ¥ 6 wdl be
~ refracted and converge toward the image forming mirrors
24 and 26.

~ reduced in size in the vertical direction and disposed 1

20

This permits the mirrors 24 and 26 to be

a vertically spaced relation aleng the strip so that the

" '._'mountmg surfaces 28 may be formed therebetween In

- addition, the field of view of each cell is narmwed to
50% vertically to provide a bam in image brightness with-

~out correspondmg reduction in cell heieh“* end attendant |
- increasein fabrication dlﬁeulty | | |

29

" out of the cell and into the viewing space. - |
 maining 99% of the ambient illumination whwh EIltuIS |
- the cell, that cell acts as an effective trap.

~ Light rays entering the cell the gene1a1 dzreetlen ef |

- the cell axis 46 and arriving at the mirrors 24 and 26 will

be reflected and focused on the. side reflecting elements

30

32 and 34, and from there to the front of the cell in a

‘diverging bundle Tn exiting from the cell the bundle is

 further diverged by refraction and leaves in the directions

indicated by arrows 39, 41, 43, and 45, and all direeuen:
| mtermemate between theae e:atremes |

- Light rays entering the cell at an angle to the axis 4;'29 |
| Wmcn is greater than 3° (this limit is set by the size of

lements 32 and 34) will either directly sirike the black -

abserbine sides 28 and 36 of the cell or else they will
first sirike the rear reflecting surfaces 24

sides of the cell.  In either case, all such light is abaerbed
By way of specific example, the strips 12 may be .032

L and 26 and will
" then be reflected to the black absorbing portions of the

40

the junction 49 of the reflecting surfaces 24 and 26, would

‘be reflected to extreme points 51.and 53 on reflecting ele- - -
“-ments 32 and 34. This 11ght may be reflected off these
~ elements so it leaves the cell in the direction indicated by
arrows 55 and 57. It is apparent, however, that ambient.
Tight entering the cell at an angle greater than 3° and
strlkmg the rear reflecting surfaces 24 and 26 would miss
- the side refiecting elements 32 and 34 and would there-
fore be absorbed. Similarly, light entering the cell below
 axis 49 at an angle of 3°, as indicated by arrow 59 and
~ which strikes the junction 49 of the rear reflecting sui- |
faces 24 and- 26 would be reflected to the extreme points -
61 and 63 of the reﬂeetng elements 32 and 34.. This

light - could leave the cell in the direction indicated by
arrows 65 and 67. Thus, as stated above, only ambient

“light from within 3° of the cell axis would be reflected
- For the re-

In order to gain the last bit of efficiency for the system,

a llght shield indicated generally by the reference numeral

4% is positioned in front of the pmjeemr 36 to absorb

ambient light originating back of and in front of projector | o
36, With this arrangement, ambient light which could
otherwise enter the cell thmueh the 3° conical aﬁgxe .

around the axis 4@ of the cell is eff eetwely eliminated.

The light shield 46 comprises a backing plate 48 with a
‘The surface 38 is -

front surface 50 (see. FIGURE 7).
formed from black hg“lt-absorbmg matenal with a 90°
zig-zag surface.

~ and 7 that the pre;eeted light from proje ctor 36 passes

- inch thick and . 112 inch mde 'The rad1us ef curvature of

~ the rear image forming surfaces 24 and 26 would be 072

- inch and the radius of curvature of the front cyimdneal S .
_  thecells.

- surface 16 would be .080 inch. In the particular embodi-
ment shown, the internally molded reflecting elements 32
and 34 are inclined reflecting surfaces .016 inch in length
and inclined at an angle ¢, which is 10. 5% to the sides 2;""__ |

- and 38 of the strips (see FIGURE 4).

- With this arrangement ‘projected hrrht mdleated by
- arrows 3.3, 35, and 37 entering each cell would exit the

cell in'such a- way that the azimuth angle 0, between the 55

' exiting light beams 39 and 45 would be 70° whereby the

screen would have a 70° horizontal field of view. ~Similar-

1v, as shown in FIGURE 3, the elevational 1 rays 69 and 71

'emermg a cell from the projector 36 weould exit the cell as‘ o
4 However ‘the front surface T2 of the hgnt cells com-

prising screen 7€ is saw-toothed in shape and comprises
-,downwardly convex cylindrical surfaces ’74 -each terml—} "

~in light rays 73 and 75 at an angle 6;, which, in the em-
Ceesequemly, the

in- around 24°.

_'Lmieular screen Weuld h.;.,ve a 24" angle verheal ﬁeld gf
' 'View | | | -

 The. dImenmons of the
~are limited by proje ctor plaeemem tolerance.

 is at a distance of 15" from the screer n, the size of the

- image refiected would be approximately .007 of an inchin
o -dlameter “This means that the side reflecting elements 32

and 34 are largel than neeessary from sirictly optlcal re-
However, to avoid critical placement of the

60

through an‘opening in the light shield 46.. Consequently, '
- the light shield effectively prevents ambient light within a -
3° conical angle around the axis of the cells fmm enterme |

In order for the lenueular sereen to oper ate preperly -
it is necessary for the. prer]eeted light to enter the cells in o
This means
- that the projected light beam must be transverse to the
“Consequently, if a pro-
~ jector and the screen e'mnet be at the same level, the
A m0d1ﬁc:u10*1,' -
“of a lenticular screen illustrating this is shown in FIGURE

8, where the modifed lenticular screen indicated gener-
| '_,ally by the referenee numeral 78 eperates generally like
- the screen 18 and the light cells shown in FIGURES 3 and

a direction parallel to the axis 40 -of the cells..
front surface 14 of the screen.

screen must be melmed to the vertical.

~‘nating in a generally planar top surface 76.

eﬂecame eiemeets':’iﬁ end 34
It is noted

- that if a projector 3% has a three-inch eb]eeu‘ve lens and

fpm]eetor it is mpraet:teal to reduce the mtemel reﬂeetme

“elements 32 and 34 to the size of the image. As a con-.
- sequence, ambient light erigmatmg fmm the region around .
the pre]ecter can enter the mdmdual eells and wﬂl be

With this arrangement, ambient light striking the screen -
'Wthh ‘would otherwise be reflected off the transparent
front surface of the cells, indicated by arrows 78 and 89, -
- would be reflected twice before entering the viewing area;

“as indicated by arrows 82 and 84. This multiple reflec-
tion off the transparent surfaces per"mts only a small frac-
‘tion-of this ambient light to enter the viewing region 88,

Ambient llght reflected from a surfaee below the screen

-"‘?@ eould be reflected into the wewmg region 86 by oely-:_'_i
a single reflection at the screen, as indicated by arrows . -
" '% and 92. - To reduce this effect, the surface may be

 covered with a mat-like material 89 havmg a light ab-

_sorbmg saw-toothed shape

- With this arrangement, light fa‘lmg on
‘the surface 59, and specularly reflected as indicated by
the arrow 52, will be reflected at least twice so that sub-

- stantially all 11ght will be absorbed and very lLittle light
would be reflected. It is apparent from FIGURES 5, 6,

i

Wlth thls arrangement em-u-_"_ --



%e

bient light falling thereon would be reflected twice before

1t could reach the viewing screen, as indicated by arrows

94 and 96. This arrangement would substantially prevent

ambient light reflected from the surface from entering the

viewing area, thereby depressing the picture contrast.
For the reasons described above, substantially the only

light directed against the screen 79 and reflected back

into the viewing region 86 comes from the projector 36.

‘Consequently, the picture projected on the screen would

have good contrast, permitting the picture to be viewed
under conditions of high ambient light.

It 1s to be understood that the forms of the invention
herewith shown and described are to be taken as preferred
examples of the same, and that various changes in the
shape, size, and arrangement of the parts may be re-
sorted to without departing from the spirit of this in-

- vention or the scope of the claims.

I claim:

‘1. A projection screen of the class described compris-
ing a support, a plurality of strips of transparent mate-
rial mounted on said support in side-by-side abutting rela-
tionship, each strip having parallel sides and front and
rear surfaces, a plurality of linearly spaced image form-

ing elements formed on the rear surfaces of said strips,

a plurality of linearly spaced reflecting elements mounted
in fixed relationship to the sides of the strips, said re-
flecting elements small in comparison to the image form-
ing elements, each reflecting element positioned at the
focus of an image forming element, the parallel sides of

the strips covered with a light absorbing material, the

image forming elements, and the associated reflecting ele-
ments positioned so that light entering the strips gener-
ally transverse to the front surfaces thereof and parallel
to the parallel sides of the strips is focused by the image
forming elements on the reflecting elements, from where

and light entering the strips at an inclined angle to the
parallel sides of the strips or not generally transverse to
the front surfaces thereof encounters the light absorbing
material on the sides of the strips. |

2. A projection screen of the class described compris-

‘ing a support, a plurality of strips of transparent material

mounted on said support in side-by-side abutting rela-
tionship, each strip having parallel sides and front and

rear surfaces, a plurality of linearly spaced image forming
‘elements formed on the rear surfaces of said strips, a plu-

rality of linearly spaced reflecting elements mounted on
at least one side of said strips, said reflecting elements
small in comparison to the image forming elements,
each reflecting element positioned at the focus of an

associated image forming element, the parallel sides of

the strips except for the reflecting elements covered with
a light abserbing material, the image forming elements
and the associated reflecting elements positioned so that

light entering the sfrins generally transverse to the front

surfaces thereof and parallel to the parallel sides is focused
by the image forming elements on the associated reflect-
Ing elements from where the light is reflected out of the
front surfaces of the strips and light entering the strips

at an inclined angle to the parallel sides of the strips and
- not generally transverse to the front surfaces thereof.
~encounters the light absorbing material on the sides of

the strips. . .
3. A projection screen of the class described compris-

-ing a support, a plurality of strips of fransparent mate-

rial mounted on said support in side-by-side abutting rela-
tionship, each strip having parallel sides and front and
rear surfaces, a plurality of linearly spaced image form-

ing elements formed on the rear surface of each strip,

a plurality of linearly spaced reflecting elements mount-
ed on at least one side of each strip, said reflecting ele-
ments small in comparison to the image forming elements,

~each reflecting element positioned at the focus of an

associated image forming element, the parallel sides of

- the strips except for the reflecting elements covered with

10
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- the light is reflected from the screen to a viewing area,
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a light absorbing material, the portion of the front sur-
face of each strip opposite an image forming element, the
image forming element and the reflecting elements con-
stituting a cell whereby each strip comprises a plurality
of linearly arranged cells, the image forming elements
and the associated reflecting elements positioned so that
light entering the front surface of a cell and generally
transverse with respect thereto and generally parallel to
the sides of the cell, may be reflected by the image form-
ing element to the reflecting element from where the light
1s reflected out of the front surface of the cell, and light
entering the cell at an inclined angle to the sides of
the cell or not generally transverse to the front surface
of the cell encounters the light absorbing material on the
sides of the cell. |

4. A projection screen of the class described compris-
ing a support, a plurality of strips of transparent material
1ounted on said support in side-by-side abutting rela-
tionship, each strip having parallel sides and front and
rear surfaces, a plurality of linearly spaced image form-
ing elements formed on the rear surface of each strip,
a plurality of linearly spaced reflecting elements mounted
on at least one side of each strip, said reflecting elements
small in comparison to the image forming elements, each
reflecting element positioned at the focus of an associated
image forming element, the parallel sides of the strips
except for the reflecting elements covered with a light
absorbing material, the portion of the front surface of each
strip opposite an image forming element, the image form-
ing element and the reflecting elements constituting a cell
whereby each strip comprises a plurality of linearly ar-
ranged cells, the front surface of each cell being cylin-
drical in shape and functioning to cause the light pro-
jected to the screen to converge on the image forming
element, whereby a vertical separation may be maintained
between the image forming elements and the field of view
of each cell is narrowed vertically to increase the bright-
ness of the image without reducing cell size or the size
of the reflecting elements, the image forming elements
and the associated reflecting elements positioned so
that light entering a cell generally transverse to the
cylindrical front surface and parallel to.the parallel sides
may be reflected by the image forming elements to the
reflecting elements from where the light is reflected out
of the front surface of the cell, and light entering the cell
at an inclined angle to the sides of the cell or not gener-
ally transverse to the cylindrical front surface of the cell
encounters the light absorbing material on the sides of
the cell.

5. The projection screen described in claim 4 wherein
planar mounting surfaces are formed on the rear surface

of each strip between the spaced image forming elements.

6. A projection screen of the class described compris-
ing a support, a plurality of strips of transparent mate-
rial mounted on said support in side-by-side abutting rela-
tionship, each strip having parallel sides and front and
rear surfaces, a plurality of linearly spaced pairs of image
forming elements formed on the rear surfaces of said
strips, the image forming elements in each pair abutiing
against each other midway between said parallel sides,

a plurality of linearly spaced reflecting elements mount-

ed on each side of said strips, said reflecting elements

- small in comparison to the pairs of image forming ele-

70

ments, each reflecting element associated with and at the
focus of one of the image forming elements in the pair

of image forming elements adjacent the opposite side of

the strip, the parallel sides of the strips except for the

reflecting elements covered with a light absorbing mate-
rial, the image forming elements and the associated re-
fiecting elements positioned so that light entering a strip
generally transverse to the front surface thereof and par-
allel to the parallel sides is reflected by the pair of image
forming elements to the associated refiecting elements on
each side of the strip from where the light is reflected
out of the front surface of the strip, and light entering




. flected

 entering the f

| the strip at an mclmed angle to the parallel mdes Or not :
generally fransverse to the front surface encounters tha |

hght absorbmg material on the sides of the strip.

= 7. A projection screen of the class described compris-
_ing a support, a nlurality of StI’lpS of transparent ma- -

“terial mounted on said support in side-by-side relation-
ship, each sirip having parallel sides and front and rear

surfaces, a plurality of linearly spaced pairs of 1mage

- forming elements formed on the rear surfaces of said

strips, a plurality of lmearly spaced reﬂcctmg elements

3180 15. |

)

10
formed on each side of the strips, each reflecting ele- -
- ment small in. companson to the paﬂr of mnage forming

“elements, image forming elements in each pair positioned -

so adjacent edges thereof abut each other at a point
_mtermediate said plarallel sides, each re"lectmg element
~associated with the image forming element in a pair of

image forming elements ad]acent the opposite side -of

- said strip and positioned at the focus thereof, the parallel
‘sides of the strips except for the reflecting elements cov-

‘ered with a light absorbing material, the portwn of the

- front surface of the strip opposﬁe; each pair of image
“forming elements cylindrical in shape for causing the
~ light directed against the front surface of the strip to

converge on the pairs of 1mawe forming elements where-

by a Vem:‘al separation. may be. maintained between

the pairs of image forming elements on the rear. sur-

- face of the sirip, each cylmdrlcal front surface of a

strip opposite a pair of image forming elements, the pair

m
8

1{) A' digp ay appq tus of the Cl'laS dcsceilbﬁ com- :
prising in combination a prajﬁctor and projection screen,
- said.pr ojacmen screen comprising a support a plurahty of .
--smps of ‘transparent material mounted on said support
~in- side-by-side abutting relationship, each. strip -having
paralle
-hrnearly spaced image forming elements -formed on the -
‘rear surfaces of said strips, a nplurallty of linearly spaced
o reﬂpctmg elemems mounted on at least one side of said -
utllpS said reflecting elements small in ‘comparison to

sides and front and rear surfaces, a. plurahty of

the image forming elements each reflecting element po-

" sitioned at the focus of an. associated image forming ele- - -

 ment, the parallel sides of the strips except for the re-
flecting elements covered with a light absorbing material

~the image forming elements and the associated reflecting

- glements pmlilo*}ed so that light from the progector en-

© tering a strip gemerally transverse to the front. surface

* thereof and parallel to the p'lrallel sides may be reﬂecfedi_'_ |

by the image forming elements to the associated re-

flecting elements from where the light is reflected out of
the front surface of the strip, and light entering the strip
at an inclined angle greater than a predetermined angle

- with respect 1o the pqrallel sides of the strip or mot gen-

2
1

. of image forming elements and the associated reflecting

S _elements constituting a cell, whereby each stmpl Comprises
a plurality of linearly arranged cells, the pairs of image
'fermmg elements and the asscciated refiecting elements

30

positioned go that light entering the cylindrical front sur- -

 face of the cell generally transverse with respect there-

to and genurally parallel to the sides of the cell is re-
fiected by the pair of image forming elements to the as-

- sociated reflecting -elements from where the hg,ht 1S re-
out .of the. front surface of the cell and hight -
entering the cell at an inclined angle to the sides of the
40

cell or not generally transverse to the front surface of the

 reflected - by the projection screen originates from the
5 prc:]vctor to said screem. - - L |
1A dmpl&y system of the class descnbed comnﬂsmg' |
Cin mmbmatmn a projector and a vrojection screen, said
projection. screen comprising a support, a plurality of -
strips of transpareni material mounted on said support
in side-by-side .abutting relationshlp,

cell encounters the light abﬂorbmg _: aterlal on the sides )

of the cell.

8. The pm]cctlon screﬂn descnbed in-claim 7 whereni

~planar mounting surfaces are formed on the rear surface

of each strip between pairs of image forming elements.

9. A projection screen of the class described com-

. P"I'lSIil” a curved support, a plurality of strips of trans-

- parent material mounted on said support in side-by-side -
- relationship, each sirip baving parallel sides and front
~and rear surfaces; said sirips positioned so. their rear
- surfaces engage said curved support and the front sur-
faces are. d15posed outwardly therefrom, 2 plurality of =

~ limearly spaced image forming elements formed on the
- rear surface of each strip, a plurrahty of linearly spaced
- reflecting elements mounted on at least one side of each
- strip, said reflecting elements small in comparison to

o0

- the image forming elements, each reflecting element po- |

~ sitioned at the focus of an associated image forming
element, the parallel sides of the strips except for the -
S reﬂectmg clements covered with a light absorbing ma-
- terial, the portmn of the front surface of each strip
opposite an image forming element, the image forming
" element and the associated reﬂactmg element constitut- -
ing a cell whereby each Stmp comiprises a plumhty of

linearly arranged cells, the image forming element. and

the assecm*fed reflecting element positioned so ‘that light
ront surface of each cell generally trans-
verse with respect thereto and generally parallel to the -
&des thereoef may be focused by the image forming ele-

ment on the reflecting. element from where the light is

60 .

terial, the pairs

erally transverse to the front surface of the strip en- |
counters the light absorbmg material ‘on the ‘sides of the

strip whereby only light. directed to the screen from the

~ projector and ambzant light within a predetermined coni-
“cal angle around the projector will be reflected back out
of the strips and Shbstantlally all of the remaining am-
bient light striking the strips will be a,bsorbed and means
‘adjacent the projector for pr reventing the direction of
“ambient light within said predetermined conical angle

around the projector whereby subsfmhally the mly light

'pamllel sides and front and rear surfaces,-a- plurality
of pairs of lmearly spaced - 1mage formmﬂ* elements
formed on the rear surfaces of sald strips, a plu{ralaty'
of linearly spaced reflecting elements mounted on each
side. of each strip, said wﬂeotmg elements small in com- -
parison to the pairs of image forming elements, each
reflecting element associated -with the image forming
element in a pair of image forming elements adjacent |
- the opposite side-of the strip and positioned at the focus
thereof, the parallel sides of the strips except for the'
" reflecting elemems covered with a l:tght absowbmg ma-
| of image forming elements and the as-
: _smmatﬂd reflecting elements positioned so that light enter-
ing each strip generally transverse to the froat surface
thereof and- parailel to. the parallel sides is. reﬂuoted by« -
~the image forming elements to the reﬂactmﬂ' elementsfi o
"~ from where the light is refiected out of the front surface
- of tne strip, and light entermg the strip at an inclinped  *
 angle to the parallel sides or not gemerally fransverse =
“to the front surface thereofl encounters the. light absorb-
ing material cn the sides of the strip whereby only light-

 directed to the screen in a direction generally transverse

| 0
| _reﬂected out of the front surface of the cell, and hnht_ 7

‘entering the cell at on inclined angle to the sides or mot

generally transverse to the front surface of the cell en-

~ counters the light absorbmg materml on the: suies of
| the cell. '_ . | - SRR

to the front surfaces of the strips and. paraile! to the

“sides ‘of the strips will be reflected out of the sirips and -
. substantially all of the remaining ambient light striking
ﬂl‘-’“ strips forming the o |
12, A display apparatus of the class described com-
_:-prlsmg in combination a projector and a projection
- 'screen, said projection sr*reen comprising a curved sup-
" port, a plurality of strips of transparent material mounted -
on said support 1 Sldb—by-ﬁldfﬂ' abutting relationship, each
‘strip having parallel sides and front and rear surfaces,
~said. strips positioned so the Iear surfaces engage sald :
curved support and the front suz rfaces are disposed out-

_Wardly therefrom a plurahty of lmearly spaced pans

screen will be absorbed.

each strip having

Y S
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of image forming mirrors formed on the rear surface of

each strip, a plurality of linearly spaced reflecting ele-

ments mounted on each side of each strip, said reflecting
clements small in comparison to the image forming mir-

- rors, each reflecting element positioned at the focus of an

assoclated mirror, the parallel sides of the strips except

for the reflected elements covered with a light absorbing

aterial, the portion of the front surface of each strip
opposite a pair of rear image forming mirrors cylindrical
in shape, each pair of image forming mirrors, the opposite

cylindrical front portion of the strip corresponding there-

|

10

to and the reflecting elements associated with the pair of

image forming mirrors constituting a cell whereby each
strip comprises a plurality of linearly arranged cells, each

~ pair of mirrors positioned so they abut against each other,

the pair of image forming mirrors and the associated re-
flecting elements on each side of a cell positioned so that
light entering the front surface of the cell generally trans-
verse with respect thereto and generally parallel to the
sides of the cell is reflected by the pair of image forming
mirrors to the refiecting elements from where the light is

| —

cllected out of the front surface of the cell, and light

entering the cell at an inclined angle greater than a pre-
determined angle to the sides of the cell or not generally
transverse to the cylindrical front surface of the cell en-
counters light absorbing material on the sides of the call,
said projector positioned so that projected light enters all
strips in a direction generally transverse tc the front sur-

- faces of the strips and parallel to the parallel sides, where-

by the projected light will be reflected from the screen,

and substantially all of the remaining ambient light strik-

ing the screen will be absorbed.

20

13. A projection screen of the class descrlbhd com-

prising in combination a vertically inclined support, a
plurality of strips of transparent material mounted on
said support in side-by-side abutting relationship, each
strip having parallel sides and front and rear surfaces, a
plurality of linearly spaced pairs of image forming mir-
rors formed on the rear surface of each strip, a plurahty
of linearly spaced reflecting elements mounted on each

- side of each strlp, said reflecting elements small in com-

parison to the image forming mirrors, ecah ryﬂuctmg ele-
ment p031t10ned at the focus of an associated ima .ge form-
ing mirror, the parallel sides of each strip except for the
reflecting elements covered with a light absorbing mate-

‘rial, a plurahty of linearly spaced cvlindrical surfaces

formed on the front surface of each strip, the upper por-
tion of each cylindrical surface terminating in an inclined
planar surface to provide the front surface of the screen
with a saw-tooth shape, the portion of the front surface

of the strip including a cylindrical pOI‘tIOH and a con-
_nected planar portion (}ppom»e each pair of 1mage form-

ing mirrors, the pair of image forming mirrors corre-

sponding thereto and the reﬂecting elements associated

with the pair of image forming mirrors constituting a cell
whereby each strip comprises a plurahty of Vertmally in-
clined linearly arranged cells, the image forming mirrors
and associated reflecting elements positioned so that light

“entering the front surface of a cell generally transverse

with respect thereto and generally parallel to the sides of

the cell is reflected by the image forming mirrors to the

reflecting elements from where the light is reflected out
of the front surface of the cell, and light entering the cell

at an inclined angle to the sides of the cell greater than a

predetermined angle or not generally transverse to the
front surface of the cell encounters the light absorbing
material on the sides of the cell and is absorbed or else
undergous multiple reflection at the front surface of the

~ cell and is attenuated.,

14, A display apparatus of the class described com-
prising in combination a prO}ector and a projection screen,

said projection screen comprising a vertically mchned

40
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support, a plurality of strips of transparent material
mouitted on sald support in side-by-side abutting rela-
tionship, each strip having paraliel sides and front and
rear surfaces, a plurality of linearly spaced pairs of image
forming mirrors formed on the rear surface of each strip,
a plurality of linearly spaced reflecting elements formed
ot each side of said strips, said reflecting elements small
in comparison to the pairs of image forming mirrors, each
reilecting element positioned at the focus of an associated
image forming mirror, the parallel sides of the strips ex-
cept for the reflecting elements covered with a light ab-

-sorbing material, a plurality of linearly spaced cylindrical

surfaces formed on the front surface of each strip, each
cylindrical surface terminating in an upwardly inclined
planar surface to provide the front surface of each strip
with a saw-tooth shape, the cylindrical portion of the
front surface of the strip and the connected upwardly in-
clined planar portion opposite each pair of image form-
ing mirrors, the pair of image forming mirrors and the
associated reflecting elements constituting a cell, where-
by each strip comprises a plurality of linearly arranged
cells, the pair of image forming mirrors and the asso-
ciated reflecting elements positioned so that light entering
the front surface of a cell generally transverse with re-
spect thereto and generally parallel to the sides of the
cell is reflected by the pair of image forming mirrors to
the associated reflecting elements from where the light is
reflected out of the front surface of the cell and light
entering the cell at an inclined angle to the sides of the
cell greater than a predetermined angle or not generally
transverse to the front surface of the cell encounters the
light absorbing material on the sides of the cell and is
absorbed or eclse undergoes multiple reflection at the
front surface of the cell and is attenuated, said projector
positioned so the projected light enters all cells in a direc-
tion generally transverse to the front surfaces thereof and
paralle] to the sides of the cells whereby the projected
light will be reflected from the screen and substantially
all the ambient light striking the screen will be absorbed.
15. A projection screen of the class described com-
prising a plurality of strips of transparent material mount-
ed in side-by-side abutting relationship, each strip having
parallel sides and front and rear surfaces, a plurality of
linearly arranged image forming elements formed on the
rear surfaces of said strips, a plurality of linearly spaced
reflecting elements mounted on at least one side of said
strips, said reflecting elements being small in comparison
to the 1image forming elements, each reflecting element
being positioned at the focus of an image forming ele-
ment, the paralle]l sides of the strips being covered with a

- light absorbing material, the image forming elements and

the associated reflecting elements being positioned so that
Light entering the strips generally transverse to the front
surfaces thereof and parallel to the parallel sides of the
strips is focused by the image forming elements on the re-
flecting elements from where the hght is reflected from
the screen to a viewing area, and light entering the strips
at an inclined angle to the parallel sides of the strips in a
direction other than generally transverse to the front sur-

faces thereof encounters the light absopbmg material on
the sides of the strips. |
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